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Our knowledge of bacterial variations existingwithin a definite group 
has been greatly enriched in the last 10 years by the studies of men who 
have refused to accept the dogma of monomorphism and stability.  It 
has become more and more evident that bacteria of very widely sep- 
arated genera, and in pure line of culture originating from a single cell, 
may break up into two or more different strains with  characteristics 
clearly differentiating them one from another.  These characteristics 
may  manifest themselves in individual cell morphology, in topography 
of the colonies, in virulence and in  a  number of other biological and 
physical characteristics.  Recently one of  the present authors  (Pe- 
troff, with Steenken (1)), reported studies pointing to  the fact that 
the tubercle bacillus followed the same line of variability as  other 
microorganisms.  From bovine,  BCG  and  avian  stock  cultures  of 
tubercle bacilli they separated variants  with  characteristics similar 
to those of other dissociated microorganisms. 
The organism most  extensively studied by the  above mentioned 
investigators was the avian tubercle bacillus A1.  From the original 
culture, which has been in the laboratory for the last 20 years, they 
dissociated three distinct types of variants:  (1) a small half moth-ball 
colony, (2) a flat, spreading, slightly wrinkled colony, (3) a large, dry, 
wrinkled colony. 
In the present study we have attempted to describe the primary 
types of response as they occurred in chickens experimentally infected 
with dissociated avian tubercle bacilli. 
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EXPERIMENTAL  DATA 
In a  preliminary study it was found that the dissociated variants from avian 
tubercle bacilli were much more stable than the variants of either human or bovine 
cultures.  This was true, however, only to a limited degree.  To maintain stability, 
all variants were cultivated on gentian violet egg media with the exception of R 
which was cultivated on glycerine agar media to maintain avirulence.  At first 
three  distinct  variants  were  dissociated  with  the  topographical characteristics 
above described, namely: 
S, Smooth (Figs. 1 and 3).--On gentian violet egg media these organisms devel- 
oped sparingly and slowly, forming colonies appearing like half moth-bails, the 
surfaces of which were smooth and moist.  They were emulsified easily in salines. 
On fluid media the organisms propagated in the bottom of the flask forming within 
a  week a  diffused and  even suspension.  With  the passing of  time a  very  thin 
filament appeared on the surface of the fluid. 
F. S., Flat Smooth (Figs. 4 and 5).--The colonies of this variant on gentian violet 
egg media were slightly wrinkled, moist, spreading and from four to six times larger 
than the S.  The organisms were emulsified with difficulty in saline.  Cn fluid 
media the growth developed best on the surface; at first from a veil-like filament 
which,  as the growth accumulated, became a  heavy, wrinkled pellicle.  On  all 
media the growth was very profuse and rapid. 
R, Rough (Figs. 6, 7 and 8).--On gentianviolet egg media the colonies appeared 
large, wrinkled and perfectly dry.  On fluid media they also propagated only on 
the surface,  The rate of growth was very rapid and in a few weeks a small inocu- 
lure covered the whole surface of the flask with new growth.  It was almost im- 
possible to make a suspension of this variant to consist of individual organisms. 
The Fourth Variant, Ch (Figs. 2 and 3).--This was dissociated from the smooth 
S colonies which were accidentally subjected to a high temperature.  The colonies 
were smooth, half moth-balls in appearance, had all the physical properties of the 
conventional S  with the exception that  they became chromogenic and ocher in 
color and were not pathogenic for chickens.  The bacteriological details of this 
variant will appear in a special study. 
Media.--The above four variants were cultivated on gentian violet egg 4 per 
cent glycerine agar and Proskauer and Beck's media.  Young cultures not more 
than 6  weeks old were used.  Colonies of definite topographical structure,  cor- 
responding to the above description, were removed from the flask and triturated 
in a sterile mortar with sterile saline.  The suspension was either counted and the 
number of organisms per cc. determined, or the strength of the suspension deter- 
mined by weight.  All inoculations were made intravenously into the wing veins. 
Sixty-one young fowls were used in the experiment, all practically of the same 
size and age.  They were kept under observation for a few weeks and then tested 
by injecting into the ear wattle, 50 per cent avian tuberculin in saline and the 
reading was made at the 24th hour. 
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satisfactory for determining the total leucocyte count and his descriptions were 
used in conjunction with the supravital method for differentiating the various types 
of white blood cells.  To establish the normal base line several counts were made 
previous to infection.  Once a  base line was established for  each  fowl we  expe- 
rienced no difficulty in following the changing phases of the leucocytic picture after 
infection.  It seems necessary here to call the reader's attention to the fact that 
in chickens the cells possessing acidophilic staining granules, the so called eosino- 
philes or pseudoeosinophiles of Maximow, are the predominating granulocytes and 
correspond to the polymorphonuclear neutrophiles present in human blood in their 
percentage and function. 
Chickens that died and those that were killed by intravenous injection of air, 
were necropsied as soon as possible.  Sections of the various organs were fixed 
in Zenker's solution and in 10 per cent neutral formalin, imbedded in paraffin, cut 
at S micra and the Zenker-fixed tissues stained routinely with Mallory's phloxin- 
methylene blue.  Direct smears were made from spleen, bone marrow, liver and 
occasionally from other organs and stained for tubercle bacilli.  Small portions 
of the above mentioned organs were also inoculated on gentian violet egg media. 
In some cases tissue smears were stained supravitally to facilitate the identification 
of particular cells.  To  demonstrate  acid-fast organisms  sections were  stained 
either by Ziehl-Neelsen or Cooper's modification, followed by an appropriate coun- 
terstain.  For this purpose a hematoxylin, azur-orange G counterstain was useful 
in differentiating the bacilli from the granules of the eosinophiles.  Gram-Weigert's 
stain  was  used  for  fibrin and  bacteria.  Collagen was  studied  either  by  Van 
Gieson's or by Mallory's aniline blue staining method.  Foot and Foot's (3) modi- 
fication of Bielschowsky's silver impregnation method was used to demonstrate 
the reaction of the reticulum to the tubercle formation.  In studying the lesions, 
comparisons were made between identical tissues of different birds in order to 
control variations that might occur due to local or organ resistance and anatomical 
situation. 
Smooth S  Variant 
Nineteen chickens were inoculated intravenously with freshly prepared saline 
suspensions, four receiving 5,000,  four, 5,000,000,  seven,  0.16  rag.,  two 0.25 rag., 
two, 0.33 rag. of these bacilli.  Following the inoculation, blood studies were made 
at the 18th, 24th, 48th, 114th hours and at weekly intervals. 
A number of the chickens died of tuberculosis during the period of observation 
(one each on the 5th, 14th, 26th, 27th, 28th, 29th, 31st, 41st, 43rd and 110th days). 
Others were killed at intervals to determine the progress of the disease (two on the 
7th, one on the 21st, two on the 35th, one each on the 37th, 51st and three on the 
78th days). 
The blood picture (Chart  1) is of considerable interest.  The eosinophiles re- 
sponded early by beginning to rise during the first few days and continued ascend- 
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the eosinophilla a slow rise of monocytes occurred with a decrease of lymphocytes. 
These lines usually crossed between the 1st and 2nd weeks, the lymphocytes drop- 
ping occasionally to the extremely low level of 5 to 0 per cent. 
Pathological findings revealed evidence of an acute infection of malignant type, 
coupled with "toxic" manifestations.  Macroscopic tubercles were generally absent 
in the early stages.  They appeared at about the end of the 4th week as a  very 
fine, white stippling of the serosal surface of the liver and spleen.  The most im- 
portant finding in the gross examination of the viscera was the marked enlargement 
of the spleen and liver which occurred as early as the 3rd week.  At this time these 
organs were usually swollen to three or four times their normal size, yellowish red in 
color and of soft consistence.  The bone marrow often appeared red and increased 
in amount, a  functional hyperplasla to meet the greater demand for blood cell 
production. 
Microscopic lesions were present in the liver of all but two cases, in the spleens 
of all but six, in the lungs of only six and even less often in the bone marrow, kidneys 
and intestines.  There was a direct relationship between the dosage and the extent 
of the disease.  In those inoculated with 5,000  and 5,000,000  b~cilli the disease 
was present in the liver of three out of four, and in the spleen of only one out of 
four cases.  The  smaller dosage had  a  tendency to establish a  chronic disease. 
Extension to the lungs occurred only when the infection was made with 0.16 mg. or 
more.  The bone marrow was involved occasionally and then only when at least 
0.33 mg. was used. 
Microscopic examination  revealed  tubercles  of  an  acute  exudative  nature. 
Mter the 2nd week these lesions were of irregular shape and composed of clumps of 
proliferating, large mononuclear cells with little or no peripheral zone of lympho- 
cytes.  In the liver they appeared to be actively invading the surrounding paren- 
chyma with the adjacent liver cells undergoing rapid dissolution (Fig. 13).  During 
the 3rd and 4th weeks the beginning of abscess formation took place at the center 
of these tubercles.  Giant cells were absent unless there was considerable casea- 
tion.  Occasional  deposits  of  fibrin  were  found  in  the  centers of  the  lesions. 
There was fatty infiltration of the liver cells at some distance from the tubercles. 
Acid-fast bacilli were present within the lesions but usually very few in number 
(Fig. 25).  Smears and cultures from the spleen, bone marrow and occasionally 
liver, were usually positive.  In three chickens receiving a  5,000 bacilli dose they 
were negative.  The recovered cultures were of the same type as those inoculated. 
Subinoculations.--Two chickens in the main group, which had been inoculated 
with 0.16 rag. of a suspension of S organisms containing only rods, ran a course of 
disease typical of this type.  This, however, was true only as far as the blood pic- 
ture and the tubercle formation were concerned and not of the morphology and 
distribution of the bacilli.  One chicken developed leucocytosis and an increase of 
eosinophiles and was killed on the 37th day.  The spleen and the liver were about 
three times their normal size.  Microscopic examination disclosed exudative S type 
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revealed only branching forms of acid-fast bacilli (Figs. 30 and 31).  Small por- 
tions of the spleen and bone marrow were triturated separately with saline and inoc- 
ulated intravenously into three healthy chickens: two with the spleen and one 
with the bone marrow suspensions. 
Of the two chickens inoculated with the splenic suspension, one became sick at 
the end of 40 days and was killed.  The other lived 58 days before becoming ill and 
was also killed.  The  blood counts  of both  showed  an  eosinophilia, increasing 
steadily from week to week, along with a  decrease of lymphocytes, and a  rising 
total white blood cell count.  There was also a monocytosis which increased at the 
expense of the lymphocytes.  The total counts rose to 133,150 and 152,040.  The 
chicken inoculated with the bone marrow, apart from a slight temporary monocyto- 
sis  and  eosinophilia, showed  no  significant blood change.  Necropsies showed 
enlargement of the liver and spleen three times the normal size and studded with 
small white nodules.  Smears from the liver, spleen and marrow were positive for 
acid-fast rods, with no evidence of branching forms.  Cultures from all tissues re- 
vealed colonies of white S topography which were made up of typical rod-shaped 
bacilli.  Microscopic examination of the tissues revealed large, single and conglom- 
erate S tubercle formation with early necrosis in one chicken and very extensive 
necrosis in the other.  Similar lesions were present in the spleen, liver, lung and 
marrow and also in the kidney of the latter case.  The chicken which had been 
inoculated with the bone marrow  suspension was negative and microscopically 
disclosed no evidence of tuberculosis.  Smears and cultures were likewise negative. 
Another chicken of the main group became moribund and was killed on the 43rd 
day.  It had shown an increasing eosinophilia reaching as high as 63 per cent before 
being killed.  Direct smears from the spleen and marrow were negative for acid- 
fast organisms.  The cultures from the liver and spleen, however, developed a 
growth of typical S variant.  At necropsy, pieces of liver, spleen and bone marrow 
were triturated with normal saline and inoculated intravenously into three normal 
chickens, one with 5 cc. of liver, another with 4 cc. of spleen and a third with 2 cc. 
of bone marrow suspensions. 
The fowl inoculated with the liver preparation showed little blood reaction until 
after 4 weeks, when an eosinophilia and monocytosis took place  with a total leucocy- 
tosis of 118,570.  The eosinophilia continued until the 52nd day, when the chicken 
died.  At necropsy the peritoneal cavity was filled with bloody fluid and a  fresh 
laceration 1 cm. in length was found in the liver which was swollen to three times its 
usual size, of soft consistence and of yellowish red color.  This rupture and hemor- 
rhage had occurred, perhaps following the slight trauma, due to the extremely soft 
consistence of the swollen tissue.  The spleen was of pale red color and enlarged to 
three  times its average size.  Macroscopically, both  organs showed numerous, 
gray, mlllary nodules on the serosal surface.  Direct smears from these tissues and 
the bone marrow were positive for acid-fast rods.  All cultures were positive with 
typical white  S  colonies.  Microscopic study disclosed the  nodules  to  be large 
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lined by a margin of giant cells, some of which showed degeneration and necrosis. 
Similar lesions were present in the lungs aud bone marrow; in the latter tissue was 
also extensive caseation and necrosis.  The younger non-caseating tubercles were 
of acute, exudative S nature.  There was marked necrosis of the liver ceils, some 
of which showed invasion by endothelial leucocytes. 
As the chicken inoculated with spleen suspension and killed on the 54th  day 
revealed the same pathology and blood picture as the preceding bird, the descrip- 
tion will be omitted. 
The chicken inoculated with 2 cc. of bone marrow suspension was killed at the 
end of the 84th day as it had shown no indication of infection by the blood picture. 
There was no gross or microscopic evidence of tuberculosis and smears and cultures 
from the spleen and bone marrow were negative for tubercle bacilli. 
Flat Smooth F.S.  Variant 
Twelve healthy young chickens were inoculated intravenously with freshly pre- 
pared saline suspensions of this variant.  Two received 5,000, two, 5,000,000,  four, 
0.16 rag., two, 0.25 mg., and two, 0.33 rag. of bacilli.  Following the inoculation 
the blood counts were made at the same intervals as described in the preceding 
group. 
Many of the chickens of this group also succumbed to tuberculosis during the 
period of observation.  Deaths occurred on the following days: 20th, 28th, 33rd, 
39th, 41st and 45th.  Because of their moribund condition a few were killed on the 
following days: 21st, 31st, 46th and 69th.  Two were killed to examine the disease 
process on the 13th and 35th days.  There was some correlation between the dose 
of infecting bacilli and duration of life.  Inoculation with 0.33 nag. of bacilli killed 
one in 20 days and 0.16 rag. killed in 33, 39 and 41 days.  A dose of 5,000 bacilli 
was not fatal even at the 69th day. 
The differential  leucocyte counts indicated a virulent type of infection leading to 
rapidly progressing disease (Chart  2).  The eosinophiles showed no appreciable 
reaction until the disease had approached a  terminal stage.  At this  time  they 
increased rapidly, accompanied by a leucocytosis  which was maintained until death. 
During the course of the infection, some time before the terminal stage was reached, 
the monocytes began to increase in numbers at the expense of the lymphocytes, this 
occurred along with the eosinophilia.  The total white cell count rose slowly with 
the monocytosis, but did not begin to ascend rapidly  until the eosinophiles had defi- 
nitely assumed a prominent part and the disease had reached its final stage. 
Pathological findings agreed with the blood reactions and we found extensive 
tubercle formation due to rapidly multiplying bacilli.  As few as 5,000 bacilli pro- 
duced infection in the spleen and liver and as the dose was increased there was 
marked extension of the disease throughout the viscera.  Small tubercles became 
visible grossly in the spleen and liver 20 and 21 days after inoculation; from the 3rd 
week on these two organs also began to increase somewhat in size.  A few micro- 
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bacilli after the 35th day.  The disease in another, which received a similar dose, 
had extended as far as the lungs after 69 days.  Five million organisms produced 
lesions in the spleen, liver, lungs and bone marrow in two chickens after 28 and 46 
days, respectively.  As the dose was increased the lesions  were found not only in 
the spleen, liver, lung and bone marrow, but often in the intestine and heart mus- 
cle.  This took place as earlyas the 21st day.  Smears and cultures from the spleen 
and bone marrow revealed acid-fast organisms in all fowls of this group with the 
exception of two inoculated with 5,000 bacilli where only cultures and not smears 
of the bone marrow, were positive. 
Microscopically,  the  tubercles  were  composed of rounded  clumps  of closely 
packed  epithelioid  cells  containing  many  phagocyted  bacilli,  which  often  lay 
together in large masses sometimes showing a radial arrangement (Fig. 26).  About 
the periphery of the lesion there was usually an exudate of lymphocytic and plasma 
cells which surrounded a definite zone of hyalin material (Fig. 14).  Although this 
material had somewhat the appearance of fibrin, special staining methods demon- 
strated its coliagenous nature.  Usually after the 3rd week there was evidence of 
necrosis and abscess formation which progressed rapidly to extensive caseation and 
production of numerous giant cells about the caseous areas.  With the extension 
of the tubercle the peripheral hyalin zone tended to break apart and disappear, 
permitting dissemination of the bacilli into uninvolved tissue with the formation 
of both new and conglomerate tubercles. 
Rough R  Variant 
Eight healthy young chickens received freshly prepared saline suspensions of this 
organism intravenously.  Two received 5,000,  two, 5,000,000,  and four, 0.25 rag. 
of bacilli.  Blood counts were done at the usual intervals to follow the reaction 
of the blood leucocytes. 
None of the chickens in this group died during the time of observation.  Two 
were killed on the 7th day; two on the 21st; one on the 50th; two on the 78th, and 
one on the 79th day. 
Infection by this variant produced a leucocytic reaction, differing from the two 
preceding groups (Chart 3).  By the 24th hour count there was usually a complete 
return to normal of the early eosinophilia.  From then on lymphocytes increased 
although in most cases they were exceeded by a  monocytosis which took place 
anytime during the 2nd to 6th weeks.  In some this  monocytosis was  marked, 
accompanied by a leucocytosis of 107,550 in one instance, and 152,120 in another. 
Previous to this the lymphocyte and monocyte lines occasionally crossed each other 
but usually by the 8th to the llth weeks the lymphocytes had again become the 
predominant cells.  The eosinophiles did not take an active part in the leucocytic 
reaction after their early initial rise and fall.  In four chickens, after 11 weeks, the 
differential and the total leucocyte counts had returned to the normal level existing 
previous to infection with the exception of a slight monocytic elevation.  Such a 
leucocyte picture occurred in all chickens inoculated with this variant no matter 
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Gross examination of the viscera was negative approximately 11  weeks after 
infection in four chickens.  Microscopically, tuberculous lesions were found in the 
spleen and liver of these birds and in the lungs of two, one killed 50 days after inocu- 
lation with a 0.25  mg. dose of bacilli, and the other 78 days after a similar dose. 
Direct smears from the spleen were positive for bacilli in six chickens and positive 
cultures were recovered from the spleens of three.  Organisms were never demon- 
strated in the bone marrow either  by  smears or  cultures.  Bacilli were found 
oftener in the chickens killed by the 21st day; in three which were allowed to live 
for 75 days or longer, no organisms could be recovered.  This speaks for their rather 
early destruction.  The microscopic lesions were small in size and of retrogressive 
or stationary nature.  In the liver especially, these lesions were no larger than two 
or three hepatic cells.  They consisted only of a few large mononuclear and epithe- 
lioid cells, often surrounded by a fringe of lymphocytes (Figs. 16 and 24).  There 
was never any evidence of caseation or abscess formation, because there was insuffi- 
cient bacillary growth or derivatives to cause an influx of eosinophiles leading to 
necrosis.  Such tubercles, at the llth week, had not advanced to a stage compar- 
able to that reached by the S or F.S. tubercles during the 1st week.  Occasionally, 
instead of tubercle formation, we could find an isolated cluster of giant cells show- 
ing no evidence of inflammatory reaction.  According to Medlar's (4) interpreta- 
tion this is a healing process in itself.  In one chicken which had been inoculated 
with a 0.25 rag. dose and killed on the 79th day, microscopic study of sections from 
liver, spleen, bone marrow, lung, kidney, heart, adrenal and testis was negative for 
tubercle formation.  Prolonged search in sections stained for tubercle bacilli dis- 
closed in only one instance a single acid-fast rod lying in a subsinusoidal area of the 
liver, probably within the cytoplasm of a phagocytic cell, although this could not 
be ascertained.  There was no cellular or exudative reaction resembling tubercle 
formation set up by the presence of this organism.  Yet smears from the spleen 
and liver were positive for acid-fast bacilli and the sediment and supernatant fat 
layer from a  sodium hydroxide digest of these organs gave abundant growth of 
typical R  colonies on gentian violet egg media.  Portions of this digest, used for 
inoculating the plates, were injected into a  chicken intravenously and intraperi- 
toneally.  It showed a non-septic leucocytic reaction and was killed after 75 days. 
Microscopic tubercles of the R  type were found in the spleen and liver.  Direct 
smears from these tissues were negative for acid-fast bacilli, but the culture from 
the spleen was positive.  Therefore, the viability of the organisms in the tissues of 
the chicken was established by production of lesions and cultures. 
It was impossible to demonstrate the presence of bacilli in this benign type of 
tubercle formation by our ordinary methods.  They are present, but so few that 
only careful study of serial sections of such a lesion could reveal them. 
Rare  tubercles  were  found  in  the  liver of  birds  inoculated  with 5,000 and 
5,000,000  organisms as early as 7 days.  Cultures and smears from the spleen were 
positive for acid-fast bacilli in both instances.  Two 21 day chickens were micro- 
scopically negative for tubercle formation but direct smears from the spleen were 
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Chromogenic Ch Variant 
Fourteen chickens received freshly prepared saline suspensions of this variant; 
four, 5,000; four, 5,000,000; three, 0.25  mg.; two, 0.33  mg., and one, 0.50 rag. of 
bacilli.  The reaction of the white blood cells was followed as in previous groups. 
None of the chickens in this group died during the periods of observation.  Two 
were killed on the 7th day; two on the 21st; one on the 31st; two on the 35th; one 
on the 47th; one on the 78th; four on the 80th, and one on the 93rd day.  A  saline 
suspension prepared from the liver and spleen of one fowl, killed on the 31st day, 
was subinoculated intravenously and intraperitoneally into a  healthy chicken to 
demonstrate the authenticity of the lesions.  This subinoculated chicken was killed 
after 54 days. 
The reaction of the blood leucocytes, with slight variations, was definitely char- 
acteristic (Chart 4).  The early 18th hour non-specific eosinophilia tended to vary 
directly with the dosage used and subsided by the 42rid hour.  The total leucocyte 
count would often show a slight, prolonged rise, starting after the first few days and 
maintained for most of the period of observation.  During the 3rd to 6th weeks a 
temporary monocytosis would occur.  This would recede after a varying length of 
time, and the lymphocytes again regain their superior level where they remained 
until the end of the period of observation.  Usually by the  75th  day the entire 
white blood cell picture had returned quite closely to the normal level existing 
previous to infection except for some elevation of the monocytes. 
Pathological findings point conclusively to the relatively benign nature of the 
infection established by this variant.  The blood reaction indicates a successful 
defense on the part of the host as these organisms of low grade virulence are dealt 
with and overcome.  Almost all of the bacilli seem to have been destroyed, regard- 
less of how heavy the dose.  Smears and cultures obtained at necropsy were not- 
able for their paucity of acid-fast organisms or growth.  5,000 bacilli produced no 
infection in four chickens up to 80 days and the bacilli could not be recovered.  Of 
four birds inoculated with 5,000,000  organisms, tubercles were found in the spleen 
and liver of one after the 35th day, and from these lesions organisms were demon- 
strated by smears and cultures.  A second chicken, killed on the 21st day, and a 
third on the 80th day, were entirely negative for tuberculosis both microscopically 
and by culture.  From the fourth, killed on the 7th day, a  positive culture was 
obtained from the spleen, yet microscopic examination of sections failed to disclose 
any tubercle formation.  A  larger dose, 0.25  mg. of bacilli, resulted in tubercle 
formation in the spleen and liver in two chickens after 47 and 78 days, respectively. 
In the latter, only the bone marrow culture was positive while in the former both 
spleen and liver contained acid-fast bacilli by smear and culture.  Two chickens, 
each inoculated with 0.33 mg. of a culture which had been passed through chickens, 
showed no tubercle formation or other evidence of infection when killed on the 80th 
day, with the exception of a few typical Ch colonies on a plate inoculated with a 
suspension of bone marrow.  It seems that the virulence of this variant is not en- 
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was apparently limited to the liver and spleen.  Lungs, bone marrow, kidney and 
intestine escaped involvement.  As might be expected in a disease of such limited 
character, tubercle formation consisted only of minute clumps of large mononu- 
clear and epithelioid cells, usually infiltrated by a few lymphocytes and possess- 
ing a  peripheral zone of lymphocytic cells (Figs. 15 and 23).  There was never 
any evidence of necrosis or abscess formation. 
In none of the sections were we able to demonstrate bacilli within the tubercle. 
However, the viability  of the organisms in the lesions was proved by subinoculation 
of tissues into a  healthy chicken, which reproduced lesions in the second bird, 
and also direct smears revealed the presence of acid-fast bacilli. 
The Reaction of the Blood Leucocytes 
Study of the peripheral blood, employing the supravital stain for the differential 
leucocyte count and Forkner's total white blood cell determination enabled us to 
closely follow the course of infection.  Freely flowing blood was taken from the 
wing vein and the preparations studied within a  few minutes.  The same person 
did all the differential counts and another the total white blood cell counts and the 
two estimations were determined from the same blood sample. 
We have not attempted to consider the very early reactions which begin upon 
entrance of the bacilli and result in their localization in certain phagocytes as this 
has been well described in the studies of Vorwald (5) and Long (6).  From some- 
what limited observations we believe that this process may be the same no matter 
which variant is used. 
Chart  1 illustrates the fluctuations of the average total and differential white 
blood cell counts in five chickens infected with S variant.  It shows clearly the rela- 
tively acute course of the disease, and the extent of the leucocytosis which begins 
after the 48th hour, ascending steadily until the last days of life.  In the differen- 
tial count the increase in the percentage of eosinophiles stands out in contrast to 
the rapid fall of lymphocytes.  Monocytes show an upward trend which crosses 
the lymphocyte fine between the 10th and 15th days.  This type of blood reaction 
is characteristic of this variant.  It suggests a  rapidly progressive disease of an 
acute "toxic" nature and a fatal termination. 
Chart 2 represents the averages of the blood leucocytes of five chickens inocu- 
lated with the flat smooth F.S. variant.  The curves suggest a virulent, rapidly pro- 
gressive disease somewhat similar to that produced by the S.  The eosinophiles, 
however, do not react with the same speed as in the S type and the rise occurs only 
when  the disease attains its fatal termination.  The  total leucocyte count also 
ascends but is much slower in its rise than in the S.  Here the disease requires a 
longer time before it acquires the momentum necessary to produce the profound 
leucocytic reaction seen in the  S infection.  Monocytes and lymphocytes show 
approximately the same type of curve as in Chart 1, the former rising and the latter 
falling as the disease progresses. w.  A.  WrSN  AND  S.  A.  PETROl'S"  249 
Chart 3 illustrates the average blood leucocyte count in five chickens inoculated 
with R  variant.  The points worthy of notice are the failure of reaction on the 
part of the eosinophiles and the supremacy of the monocytes over lymphocytes 
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until the last half of the period of observation when the lymphocytes again cross 
the  monocyte line and approach their normal level.  The rise in total leucocyte 
count was maximum about the 5th to 6th weeks and then receded to approximately 250  TUBERCLE  BACILLUS.  II 
normal.  This leucocyte reaction suggests rather conclusively a  tuberculosis of 
relatively  benign type.  However, we cannot definitely state that there was recov- 
ery from the infection, as the period of observation was limited to 77 days. 
~160  -- 
- 
.~  120  1  1  v 
/ 
80 
"~  40 
20 
70-- 
6o 
50,-- 
4o 
.~  30'  ,~,.  ...... o,  "o 
 '1o.  .o- ....  ,, 
~'~'"~  ~0  ~  ~ \ 
10  15  20  25  30  N~40 
bay,  o¿  ti~ 
C~ART 2. Average blood curves of five  chickens inoculated with F. S. variant. 
Chart 4 depicts the average of the blood reactions in five chickens infected with 
chromogenic Ch variant.  The period of study (73 days) does not mark the end of 
the disease.  Usually after the 10th week the differential and total white blood 
cell count had returned to the normal level observed prior to infection with the ex- 
ception of a  slight monocytosis.  It certainly reveals a  marked resistance of the 
host to a relatively  avirulent variant.  The lymphocytes, ascending to a high level, W.  A.  WINN  AND  S. A.  PF.TRO~'F  251 
remained there for a considerable length of time.  From the 4th to the 6th weeks 
they were displaced by monocytes which eventually gave way to a  return of the 
lymphocytes.  At no time was there eosinophilla, but rather a failure of response 
on the part of these cells.  An increase of the total leucocyte count occurred during 
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Ct~.ZT 3.  Average blood curves of five chickens inoculated with R variant. 
the readjustment on the part of the monocytes and lymphocytes but never to any 
great extent.  From the appearance of the leucocytic reaction alone, one can say 
that this is also a relatively benign form of avian tuberculosis and that the blood 
reaction is a direct reflection of the pathological  process. 252  TUBERCLE  BACILLUS.  II 
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CHART 4.  Average blood curves of five chickens inoculated with Ch variant. 
Pathogenesis 
An early non-specific eosinophile increase (polynucleosis) was the first reaction 
following the entry of the organism into the blood stream.  It was non-specific be- 
cause it occurred in all birds inoculated with the four dissociated variants.  This 
rise usually subsided after the 18th hour.  At this time, as has been previously ob- 
served in the lungs of rabbits by Vorwald and Long, the infection became localized 
in the tissues by aggregation and clumping of bacilli-laden  eosinophiles  (Fig. 9). 
The blood changes reported in these studies do not include this early non-specific 
reaction for the reason that not until it had subsided did the blood leucocytes begin 
to show the variations apparently related to the type of variant used for infection. W.  A.  WINN  AND  S. A.  PETROFF  253 
Following this early reaction,  in chickens infected with smooth S variants, the 
eosinophiles increased very rapidly.  Such a change is lacking in the other types. 
The blood picture was typical of that seen in acute infectious diseases and, as we 
shall  see later, was probably not due to the number of organisms present in the 
lesions but very likely to "toxic" substances liberated by the bacillus. 
In the infections produced by the four variants there was early replacement of 
the clumps of eosinophiles and their phagocyted bacilli by large mononuclear cells 
(Fig. 10).  This was reflected in the peripheral  blood cell count by an increase in 
monocytes which rarely reached its peak before the 42nd hour.  From then on the 
monocyte curve swung back and forth, crossing the lymphocyte level at irregular 
intervals. 
After the disease had been well established, tubercle bacilli were seen at times in 
uninvolved parenchyma, in all probability cast off from the older tubercles  and 
forming new loci which proceeded to carry on the same cycle of progression.  The 
following case may add in making this point clearer. 
A chicken infected a month previously with the smooth S variant, was killed at 
the height of a  sudden  sharp increase in eosinophlles.  Sections of the liver dis- 
played scattered areas of very early tubercle  formation,  consisting  of dumps of 
eosinophiles, some of which had been replaced  in part by large mononuclear cells. 
In other portions of the parenchyma were older tubercles which had undoubtedly 
given origin to this particular spread of the disease.  In this case the eosinophiles of 
the peripheral  blood stream did not indicate  beginning abscess formation of pre- 
existing tubercles but an early stage of new tubercle formation. 
It seems that there was no considerable difference in tubercle forma- 
tion between the four types of infection until the  establishment of a 
definite  lesion  composed of large mononuclear cells.  Then  certain 
characteristics would be assumed which were especially striking in the 
lesions set up by the S and F.S. variants, whereas the relatively benign 
chromogenic Ch and R  tubercles were  similar  and showed little  evi- 
dence of progression. 
The differences between the smooth S and flat smooth F.S. tubercles were most 
striking  during the 3rd, 4th and 5th weeks of the disease.  It was then that the 
acute, rapidly progressing exudative nature of the smooth S lesion became appar- 
ent and active proliferation of the mononuclear type cells  occurred in response to the 
bacilli.  The result was a lesion which rapidly invaded the parenchyma in all direc- 
tions,  assuming an irregular  outline  as it did so (Fig.  13).  These  tubercles  were 
most striking in the liver where their margins were usually sharp, well demarcated 
and, with the exception  of rare intervening lymphocytic and plasma  cells, lying 
immediately  adjacent  to  a  layer of hepatic  cells undergoing  rapid  dissolution. 
Staining revealed only a few bacilli present in the lesion, either in rods or branching 
forms (Fig. 25).  The flat smooth F.S. tubercles, in contrast, gave the appearance of 254  TUBERCLE  BACILLUS.  II 
a true foreign body  reaction, although there was of course a certain"toxin" response 
as shown by the formation of the hyalin substance resembling fibrin, which was of 
the nature of reticulin (Fig. 14).  In this lesion the cellular reaction was probably 
due to the presence of rapidly multiplying bacilli which resisted  digestion.  On 
media of various kinds these F.S. variants grew approximately six times as fast as 
did the S bacilli.  We are inclined to believe that their reproduction in vivo con- 
tinued at the same rapid rate as that in vitro.  Comparing these bacteria with the 
smooth S variant, organism for organism, they probably produce much less "toxic" 
material of less potency.  It seems that F.S. variants, by their rapid rate of multi- 
plication and by their greater ability to resist digestion by cellular enzymes, due to 
higher lipin content, soon flourish in great numbers within the mononuclear phago- 
cytes.  Acid-fast stains at this stage reveal them in numerous, large, closely com- 
pacted  clumps,  often showing a  radial arrangement  of the individual  bacillary 
rods (Fig. 26).  Consequently, though the "toxin" output per bacillus may be lower 
than in the case of the smooth S organisms yet by their rapid multiplication and 
increase of numbers they bring about a progression of the disease.  Conversely, the 
smooth S bacillus possesses a lower lipin content.  These individual organisms are 
probably more susceptible to the action of the digestive cellular enzymes of the 
mononuclear phagocytes.  This leads to their destruction, setting forth free "toxin" 
which gives to the tubercle formation its acute and malignant characteristics. 
In the 3rd week the tubercles in the S-infected chickens revealed the beginning of 
abscess formation by an influx of eosinophiles wandering towards the center of the 
lesion.  In the F.S. chickens this occurred much later (4th to 5th weeks).  Shortly 
thereafter a small area of necrosis appeared in the central portion of both types of 
tubercles which gradually increased in size. 
The production of reticulin in the S and F.S. type tubercle revealed further evi- 
dence of differences in the underlying factors governing the pathogenesis of these 
lesions.  The former, the S tubercle, showed very little increase or even a decrease 
of reticulum structure lying in relation to the lesion (Figs. 17 and 11), whereas in 
the latter,  the F.S. tubercle, there was usually an increased reticulum formation 
which was quite marked about the periphery (Figs. 18 and 12). 
In those fowls which happened to survive 6 weeks, there was usually marked 
abscess formation with  caseation,  necrosis and  formation of daughter tubercles 
leading  to conglomerate  tubercle  formation,  and  spreads  throughout  the  un- 
involved  tissue.  After  the tubercles had become so far advanced, which ordi- 
narily was the exception with S and F.S. infection, the two diseases were hardly 
distinguishable by their microscopic appearance (Figs. 21 and 22). 
The pathogenesis of the R  variant differs greatly from the above two 
types. 
From the observations made it appeared as though this organism at times pos- 
sessed a low grade of virulence manifested  by very limited  tubercle formation of 
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ous within the animal body so far as producing any microscopic tubercles.  In 
chickens, infected with R  variant, when we found the types of tubercles previously 
described, they were always of comparatively minute size and in comparison with 
the tubercles produced by the virulent S and F.S. variants were apparently station- 
ary as far as progression goes.  They were tubercles, first, because of  their  ap- 
pearance; second, because of their location, and third, because the causative agent 
could be transmitted from one chicken to another. 
The reticulum about these tubercles  did  not  appear to  enter much into the 
reaction (Fig. 20).  It appeared to be no different from the reticulum structure 
elsewhere in the parenchyma, and was neither increased in amount, thickened to 
form collagen nor destroyed.  It had apparently received insufficient stimulation to 
become active and participate in the slight amount  of tissue reaction that had 
occurred. 
The chromogenic Ch variant infection resembles the R  variant  very 
closely in its pathogenic properties. 
Its virulence was of very low grade and remained almost constant.  At no time in 
our experiments during the period of observation (up to 3 months), were we able to 
kill with this bacillus using doses up to 0.5 nag.  The lesions, when any were pro- 
duced by them, were similar to those produced by the R bacillus.  11 and 12 weeks 
after inoculation the Ch tubercles were no more advanced than the S or F.S. tuber- 
cles of 1 week's duration (Fig. 15).  It was also questionable, as with the R tubercles, 
whether these tubercles would progress to caseation for the reason that there was 
insufficient bacillary influence to attract eosinophiles which would lead to abscess 
formation.  The reticuhm about these lesions remained quite inactive and in every 
way similar to that described in the R tubercle formation (Fig. 19). 
Reaction of the Reticulum.---Our  attention was centered on the striking tubercle 
formation set up by the flat smooth F.S. variant and an attempt was made to iden- 
tify the nature of the peripheral hyalin-like  zone surrounding the tubercle (Fig. 14). 
Because of the peripheral arrangement and the curly, waving nature of the strands 
often seen comprising it, we were led to believe that this substance was related to 
collagen.  The other possibilities  were fibrin or the products of lysed cells.  It did 
not resemble fibrin which generally lies in coarse, straight fibrils with nodal thicken- 
ings usually located in the center of the tubercle.  The  clear  translucent  hyalin 
appearance was against its being the product of lysed cells; ordinarily one would 
also expect to find in such material the fragments and remains of broken down cell 
structures, especially the nuclei.  After staining by Gram-Weigert's method this 
material assumed a red or azur-red tint, whereas fibrin should ordinarily stain blue. 
With Mallory's aniline blue collagen stain, the material stained blue to purplish 
blue, and Van Gieson's picric acid fuchsin stained it red.  This was good evidence 
for the collagenous nature of the substance and silver impregnation by the method 
of Foot and Foot apparently proved the point because fibrin, according to prevalent 
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prominent around a tubercle, silver stains would demonstrate abundant reticulum, 
the fibers forming a  closely compacted network about the lesion.  In many in- 
stances the fibrils of this network corresponded to the finer bands of the hyalin ma- 
terial appearing in the phloxin-methylene blue stain.  In other sections it could be 
definitely seen that parts of the hyalin material remained unaffected by silver im- 
pregnation, leaving open spaces between the reticulum fibrils.  This raised  the 
point whether this homogeneous substance remained unimpregnated only because 
it was a precursor of reticulum proper and its argyrophilic nature would only be- 
come apparent after certain changes had taken place, perhaps merely a simple proc- 
ess of condensation and separation into smaller fibrillar divisions. 
It could be definitely seen that the deposit of reticulin was much greater about the 
flat smooth F.S. tubercles,  marking them off and circumscribing them very defi- 
nitely from the surrounding parenchyma (Figs. 18 and 12).  In the S tubercle, no 
such formation was present, in the silver preparations it was at times di/ficult to 
tell just where the tubercle margins began (Figs.  17 and 11).  Often the normal 
reticulum about  these  S lesions appeared broken up into separate  lengths  with 
occasional granular formation indicating an active destructive effect.  The reason 
for and the mechanism of this fragmentation of reticulum in this type of tubercle 
is not definitely understood.  It is suggested, as already stated,  that it is due to 
either a specific "toxin" liberated from the bacillus or to the proteolytic enzymes of 
the eosinophiles which play such a prominent part in the S infection.  In making 
the above comparisons we used tubercles from the same tissues, stained together in 
the same dye container.  These differences were best  studied  in the liver, bone 
marrow and lung.  In the spleen, postmortem autolysis interfered quite easily with 
reticulum preservation.  We found it always necessary to fix tissues immediately 
after death for the best results.  Animals found dead usually showed too much 
postmortem degeneration of the reticulum to be of any value. 
In the rough R and chromogenic Ch tubercles, silver impregnation revealed very 
little evidence of either the formation of a new or destruction of the normal reticu- 
lure.  The pathological process was evidently of too benign and limited a character 
to seriously affect this structure (Figs. 20 and 19). 
It would appear that in the pathogenesis of the flat smooth F.S. in- 
fection, there is a rapid reticulin production that distinguishes this type 
of tubercle formation from the acute exudative smooth S type. 
In the latter the reticulum about the periphery was never increased in amount 
and often showed signs of disintegration.  It seemed as though one of the important 
defense mechanisms against invasion by the S variant, the reaction of the reticulo- 
collagenous apparatus, was definitely suppressed or destroyed.  In the flat smooth 
F.S. type this production of reticulum about the periphery of the lesion occurred at 
an early stage of the disease.  Accepting Mallory and Parker's (7) observations 
that reticulum is collagen, occurring as separated fibrils  or delicate strands which 
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initiation of a mechanism of  defense which attempted to limit the spread of the lesion. 
In the smooth S infection the "toxic" action inhibited this step by directly depressing 
the reticulin-secreting activity of certain cells and the proteolytic enzymes of the 
polymorphonuclear leucocytes by actively destroying reticulum already preformed. 
In the flat smooth F.S., or a foreign body tubercle, there was a chance for this proc- 
ess to get  temporarily under way in an attempt to wall off the lesion with a zone 
of collagen and prevent its  spread.  Unfortunately,  the rapid bacillary growth 
from within became powerful enough to overcome this temporary check. 
The manifestations described were present only during the early part of tubercle 
formation.  After about the 6th week, when necrosis and extensive abscess forma- 
tion had occurred (Figs. 21 and 22), there was little to differentiate  the two forms 
histologically except the occasional persistence of portions of the reticulum pattern 
about the periphery of large F.S. tubercles in the liver, bone marrow and the lungs. 
In most cases, however, this formation began to break up and disappear as the 
necrosis advanced until it was either no longer visible or only small remnants were 
left. 
Morphological Variations of the Organism 
The occurrence of the branching form of the avian tubercle bacillus 
was known soon  after its  discovery.  In our studies microorganisms 
of  such  morphology  were  observed  only  in  chickens  infected with 
smooth S variant. 
Two chickens were inoculated with a suspension of S variant consisting of slender 
rods (Fig. 29).  One was killed on the 37th day and only branching forms were 
found in the tubercles (Fig. 27).  The other, killed on the 43rd day, demonstrated 
no bacilli of any form in the lesions, yet their presence was proved by an abundant 
cultural growth which a subsequent inoculation proved to be of high virulence. 
The occurrence of the branching form in no way altered the progression of the 
disease;  it  remained  rapid and the tubercle formation was of the characteristic 
acute exudative S type.  There was likewise  no departure from the conventional 
septic blood picture so characteristic of this group.  At present we are inclined to 
believe that the branching state was apparently only a temporary and variable phase 
in the life cycle of the organism.  A study dealing particularly with this question 
is at present in progress. 
Analysis of Lipin Content of S and F.S. Variants 
It has been pointed out that the dissociated variants S and F.S. produced differ- 
ent pathological pictures in which it seemed  that  the microorganisms played a 
greater part than the host. 
The chemical analysis was limited to a determination of the lipin content of the 
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physical properties, their control over tubercle formation and  the ability of the 
F.S. variant to resist destruction and produce the foreign body type of lesion. 
The two variants were cultivated on the same batch of Proskauer and Beck's 
fluid media and approximately the same amount of inoculum introduced into each 
flask.  The cultures were incubated for 10 weeks  and the bacilli  harvested by filter- 
ing through filter paper, collecting  the solid masses of organisms and drying them 
in vacuo over sulfuric  acid until a constant weight was obtained. 
The original dry weight from the thirteen bottles of F.S. organisms was 6.3110 
gin. and that from twenty-four bottles of S bacilli, 2.0814 gm.  The lipin yield 
from the former was 1.271 gin. or 20.14 per cent and from the latter 0.3128 gin. or 
15.03 per cent. 
We did not attempt an accurate or detailed analysis of the chemical 
properties of the bacillus but merely an approximate idea of the differ- 
ences in the lipin fraction of the two variants.  More detailed study 
of  the  chemical properties,  including the protein and carbohydrate 
constituents, are being contemplated. 
SUMMARy 
In the preceding pages we have presented evidence which we believe 
furnishes new light on the disease process in avian tuberculosis.  From 
a well known strain of avian tubercle bacillus, A1, four variants have 
been  dissociated,  each  manifesting distinct colony topography and 
physical and chemical characteristics.  From these studies we have 
learned that the variants are sometimes unstable, not only in vitro but 
also in vivo; and that this characteristic is one of the prominent factors 
influencing both the advancement and retrogression of the disease. 
The four variants remain fairly stable in vitro  provided they  are 
cultivated on proper culture media.  About 80 per cent smooth S and 
fiat smooth F.S. colonies will develop true to type on egg media; and 
rough R  and  the  chromogenic Ch when  cultivated on gycerine agar 
media, in about the same percentage. 
An early non-specific eosinophilia followed inoculation, no matter 
which variant was used.  This usually subsided by the 18th hour. 
The early stages of tubercle formation produced by all the variants 
appeared similar.  First there appeared an aggregation of eosinophiles 
and their ingested bacilli within the tissues and then followed replace- 
ment by large mononuclear cells which wandered in and phagocyted 
both eosinophiles and bacilli.  After the formation of tubercles corn- W.  A.  WINN  AND  S.  A.  PETROFF  259 
posed only of large mononuclear cells, certain differences between the 
virulent and avirulent variants became apparent. 
There was also a direct relationship between the dosage and the ex- 
tent of the disease.  In our experience from 0.16 to 0.25 mg. gave the 
most uniform results. 
If S variant was used, the early non-specific eosinophilia  was followed 
by a second rise which continued to ascend, running parallel with the 
total leucocyte count.  There was a slow increase of monocytes and a 
corresponding decrease of lymphocytes.  The microscopic lesions, 2 
weeks after inoculation, were composed of irregularly shaped clumps 
of necrosing large mononuclear cells.  The margins were clear-cut and 
bordered by few or no lymphocytic cells.  By the 3rd and 4th weeks 
eosinophiles began to migrate into the centers of the tubercles and 
abscess formation became evident.  Death usually occurred after 5 
or 6 weeks, although this varied with the dosage.  The appearance 
of the lesions suggested an acute "toxic" nature, as manifested (1) by 
marked enlargement of the  spleen and liver,  (2)  by the short fatal 
course of the disease, which never became very extensive, (3) by the 
presence of few organisms within the tubercles, (4) by destruction of 
reticulum and (5) by the marked response of the blood leucocytes. 
After inoculation with F.S. variant the early non-specific eosino- 
philia disappeared, returning again at the terminal stage, 5 to 6 weeks 
later.  The number of eosinophiles then ascended sharply, accompan- 
ied by a  marked leucocytosis which continued until death.  During 
this eosinophilia a monocytosis occurred and lymphocytes fell away 
rapidly. 
During the 2nd week, clumps of closely packed large mononuclear 
cells containing masses of phagocyted bacilli were seen.  In the 3rd 
and 4th weeks there appeared a prominent peripheral zone of hyalin, 
collagenous-like material associated with an increased reticulum for- 
mation which apparently walled off the lesion.  The bacilli within the 
tubercle multiplied rapidly, it seemed as though they were more resist- 
ant to destruction than the S organisms, perhaps due to their higher 
lipin content.  As a  result of their rapid increase, progression of the 
tubercle continued, with necrosis and abscess formation, accompanied 
by the dissemination of the organisms both locally and distantly to new 
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increase in numbers of bacilli, terminating with death usually during 
the 5th and 6th weeks.  The manifestations of "toxin" damage shown 
in S disease were not so marked until the approach of the end-stage. 
We interpret the type of lesion produced by the F.S. variant as a for- 
eign  body  tubercle to distinguish it from the acute ' :toxic" nature of the 
S.  A quantitative chemical determination showed that this organism 
contained 20.14  per cent lipin whereas in the S variant it was only 
15.03 per cent. 
Following  inoculation with R variant the initial eosinophilia returned 
to normal within 24 hours.  There was then an increase of both lymph- 
ocytes and monocytes, the latter  exceeding the former for  a  time. 
Later, usually after the 2nd month, the lymphocytes again became 
predominant over the monocytes, approaching the normal base line. 
Eosinophiles failed to react.  This blood picture indicated a successful 
resistance against the infecting organisms, and was supported by the 
pathological findings.  None of the chickens of this group died during 
the period of study (79 days) although infecting doses of 0.25 mg. were 
used.  Necropsies on four chickens revealed no macroscopic evidence 
of  disease  approximately  11  weeks  after  inoculation.  Microscopic 
lesions were present in the spleen and liver of some cases.  In chickens 
inoculated 11 weeks previously these tubercles consisted only of very 
small, discrete clumps of degenerating mononuclear cells often sur- 
rounded by a border of lymphocytes.  Necrosis, abscess formation or 
caseation was not found.  Their small size and appearance was  evi- 
dence of their retrogressive character.  Isolated giant cells were rarely 
seen.  It was impossible to find bacilli within these tubercles.  In one 
instance it was possible to show complete innocuousness of this organ- 
ism in the tissues, as far as producing recognizable tuberculous lesions. 
Reticulum played little part in the development  of the lesion and it was 
neither increased or destroyed. 
Following inoculation with the chromogenic Ch variant the initial 
eosinophilia declined by the 24th or 42nd hour count and from then on 
remained low.  The lymphocytes showed little decrease.  A promi- 
nent monocytosis of prolonged character usually occurred during the 
3rd to 6th weeks and was then displaced by a return of the lympho- 
cytes.  By the end of the period of observation the differential count 
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was  truly  representative of  the  relatively benign  character of  the 
lesions.  The tubercle formation, even after 93 days' duration of the 
disease, remained limited to small clumps of two or three large mono- 
nuclear cells  showing some degeneration.  Lymphocytic cells  were 
usually present within and about the lesion.  There was never any 
evidence of abscess formation or actual necrosis.  Bacilli could not be 
found within these tubercles.  The reticulum in relation to the lesion 
showed neither increase nor destruction.  None of the chickens died 
though a dose of 0.5 mg. was used. 
In three chickens infected with S variant, the blood picture did not 
follow the pattern set by the others similarly inoculated.  Either a 
high  monocytosis  replaced  the  usual  eosinophilia,  or  there  was  a 
marked recession of the total leucocyte count followed by a return of 
lymphocytes  towards normal percentage.  The blood picture indicated 
the conversion of an acute process into a  subacute or chronic affair. 
These chickens survived for 78, 79 and 110 days, respectively.  An ex- 
planation for this occurred to us later when cultures recovered from 
them, instead of consisting of S colonies, showed the topography of the 
intermediate type, closely resembling the F.S. type.  Evidently this 
was due to a reversion; i.e.,  a loss of virulence of the organism occurring 
within the animal body.  At necropsy the spleen and liver were some- 
what enlarged and contained prominent, discrete yellow nodules re- 
sembling small shot in their size and shape, which, in one case could be 
lifted from the tissue by the point of the knife.  Microscopically, they 
possessed small centers of caseation surrounded by numerous giant 
cells and large mononuclear cells with a  thick border of lymphocytic 
cells.  This tubercle formation could not be classified in any special 
group  as  it  was  too  sharply  circumscribed  and  walled  off  by 
lymphocytic cells to be considered as truly malignant in nature as the 
S type of lesion.  Even the younger tubercles in these cases, which 
consisted of clumped epithelioid  cells  with  prominent lymphocytic 
cell borders, could not be called acute or "toxic" in character. 
At present we make only limited deductions from our observations. 
In the bacterial dissociation phenomenon we have at least a new line of 
investigation, and different variants of tubercle bacilli must be taken 
into consideration when planning new tuberculosis studies.  With the 
stabilization of the human type variants, experiments such as reported 262  TUBERCLE  BACILLUS.  II 
here may bring about the proper clinical interpretation  of the course 
of human tuberculosis. 
CONCLUSIONS 
1.  Four variants, S, F.S., R and Ch dissociated from an avian tuber- 
de bacillus, A1, have been described. 
2.  They have different physical and chemical properties. 
3.  The leucocytic response in S and F.S. is of acute type while that 
produced by R  and  Ch  variants  is indicative  of a  chronic,  healing 
tuberculosis. 
4.  The tubercle formed by S is of an acute,  "toxic" type, the F.S. 
more of a foreign body type and that of R and Ch, relatively benign. 
5.  The S variant is by far the most virulent and is closely followed 
by the F.S. type.  The R and Ch variants are comparatively avirulent. 
We wish to acknowledge our appreciation to Drs. E. R. Baldwin and 
Lawrason Brown for their interest and helpful suggestions. 
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EXPLANATION OF PLATES 
PLATE 19 
Variants of the avian tubercle bacillus cultivated on gentian violet egg media. 
FIG. 1.  Smooth S colonies, 30 days' growth.  Actual size. 
FIG. 2.  Chromogenic Ch colonies, 30 days' growth.  Actual size. 
FIG. 3.  Smooth S and chromogenic Ch colonies, 90 days' growth.  Actual size. 
FIG. 4.  The two variants, (a) S and (b) F.S., 60 days' growth.  ×2. 
FIG. 5. Flat smooth F.S. colonies, 60 days'  growth.  Actual size.  Note the 
spreadiug appearance. 
FIG. 6.  Rough R colonies, 45 days' growth.  Actual size. 
FIG. 7.  Rough R colonies, 60 days' growth.  X 2. 
FIG. 8.  Rough R colonies, 90 days' growth.  Actual size. 
PLATE 20 
FIG.  9. Liver  of  a chicken inoculated  with S variant. Early tubercle,  not  more 
than 18 hours old,  consisting  of simple aggregation of eosinophiles  containing 
phagocyted  bacilli. X695. W.  A.  WI~  AND  S.  A.  PETROI¢I  ¢  263 
FIO. 10.  Liver of a chicken inoculated with chromogenic Ch variant.  An early 
tubercle, not more than 36 hours old.  The clump of eosinophiles is being replaced 
and phagocyted by large mononuclear cells.  ×695. 
Figs. 9 and 10 stained with phloxin-methylene blue. 
FIG. 11.  Bone marrow (femur) of a chicken inoculated with S variant and killed 
on the 58th day, showing no formation of reticulum about the lesion, but scattered, 
broken up fibrils suggesting actual reticulum destruction.  × 105. 
FIo. 12.  Bone marrow (femur) of a chicken inoculated with F.S. variant killed 
on the 33rd day.  Tubercle formation with abundant  peripheral  reticulum  can 
be seen. 
Figs. 11 and 12 stained by silver impregnation according to Foot and Foot. 
PLATE 21 
FIo. 13.  Liver of a chicken inoculated with S variant dying in 37 days.  Note 
irregular extension of the lesion which is composed of degenerating, large mono- 
nuclear cells and a few scattered eosinophiles.  The clean-cut border, absence of 
peripheral reaction and the dissolution and disappearance of adjacent liver cells is 
apparent.  This is an acute,  "toxic" tubercle with a  malignant  type  of exten- 
sion.  ×390. 
FIo. 14.  Liver of a chicken inoculated with F.S. variant and killed on the 31st 
day.  Note rounded dump of closely packed, degenerating,  large mononuclear 
cells,  with prominent peripheral zone of hyaLln material and marginal fringe of 
lymphocytic, large mononuclear and plasma cells.  This is acute,  foreign body 
type of tubercle formation.  ×325. 
FIo. 15.  Liver of a chicken inoculated with Ch variant and killed at 78 days. 
Note the discrete appearance of the lesion and small size by comparing with size 
of the liver ceils.  It consists only of a few large mononuclear ceiLs surrounded by a 
fringe of lymphocytes and is of retrogressive nature.  ×390. 
FIG. 16.  Liver of a  chicken inoculated with R  variant and killed at 78th day. 
Note the comparatively benign appearance and close resemblance to Ch type lesion 
in Fig. 16.  It consists of a few degenerating, large mononuclear cells with little 
peripherallymphocytic reaction.  ×390. 
The above four sections stained with phloxiu-methylene blue. 
PLATE 22 
FIG. 17.  Liver of a chicken inoculated with S variant, showing reticulum about 
two adjoining tubercles of 19 days' duration.  Note fragmented reticulum within 
the lesions and lack of any peripheral increase.  ×345. 
FIG. 18.  Liver of a chicken inoculated with F.S. variant dying at 35th day, show- 
ing marked increase of reticu]um about the periphery of the lesion,  circumscribing 
it completely.  ×260. 
FIG.  19.  Liver of chicken inoculated with Ch variant and killed at  78th day, 
showing neither increase nor destruction of reticulum about the tubercle.  ×450. 
Fro.  20.  Liver of chicken inoculated with  R  variant and killed at  78th day. 264  TUBERCLE  BACILLUS.  II 
Note little change in reticulum structure about the lesion and resemblance to Ch 
tubercle in Fig. 19.  X390. 
Silver impregnation of above four sections according to Foot and Foot. 
PLATE 23 
FIG. 21.  Spleen of chicken inoculated with F. S. variant dying on the 69th  day. 
Note large central area of caseation bordered by a zone of giant cells and degener- 
ated large mononuclear cells.  Only a few large remnants of the peripheral, fibrillar, 
hyalin material remain.  ×53. 
FIG. 22.  Spleen of a chicken inoculated with S variant and killed after 54 days. 
The most advanced type of tubercle seen.  There is extensive caseation of the cen- 
tral portion marked off by a zone of giant cells and degenerated large mononuclear 
cells.  Note resemblance of the two end-stages in Figs. 21 and 22 to each other. 
×53. 
FIG. 23.  Spleen of a chicken inoculated with R variant and killed after 78 days. 
This is an  end-stage so  far  as  our  period of observation was  concerned.  The 
small clump of large mononuclear cells comprising this lesion typifies successful 
resistance on the part of the host.  Note absence of necrosis or any tendency to 
abscess formation, also the marked limitation in size.  ×390. 
FIG. 24.  Spleen of a chicken inoculated with Ch variant and killed after 78 days, 
also the end-stage.  Note lack of progression towards abscess formation, limited 
size and the close resemblance to the R tubercle of the same age in Fig. 23.  X390. 
The above four sections were stained with phloxin-methylene blue. 
PLATE 24 
FIG. 25.  Spleen of chicken inoculated with S variant,showing a fewbacilli in rod 
forms within a tubercle.  X 1,000.  Carbolfuchsin, phloxin-methylene blue stain. 
FIG. 26.  Spleen of chicken inoculated with F.S. variant showing many organ- 
isms arrayed in clumps throughout the tubercle.  The magnification is lower than 
in Fig. 25  so that  the entire tubercle can be included.  X390.  Gram-Weigert 
stain. 
FIG. 27.  Spleen of chicken inoculated with S variant, showing a  tubercle con- 
raining only  branching  forms.  X865.  Carbolfuchsin,  phloxin-methylene blue 
stain. 
FIG. 28.  Ch variant after 2 weeks' cultivation on glycerine agar, but when grown 
on glycerine gentian violet egg media the morphology was as in Fig. 29.  X865. 
Carbolfuchsin. 
FIG. 29.  S variant cultivated on gentian violet egg media  for 3 weeks.  X865. 
Carbolfuchsin. 
FIG. 30.  Direct smear from spleen of chicken inoculated with S variant and killed 
after 37 days.  Note granules within the branching organism.  X 1,300.  Weiss 
stain. 
FIG. 31.  Direct smear of spleen from same chicken.  Note prominent granules 
in one branching form  and lack  of  granules  in  other.  ×865.  Carbolfuchsin, 
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